Ligand-mediated changes in the tryptophan synthase indole tunnel probed by nile red fluorescence with wild type, mutant, and chemically modified enzymes.
The bacterial tryptophan synthase alpha 2 beta 2 complex contains an unusual structural feature: an intramolecular tunnel that channels indole from the active site of the alpha subunit to the active site of the beta subunit 25 A away. Here we investigate the role of the tunnel in communication between the alpha and beta subunits using the polarity-sensitive fluorescent probe, Nile Red. Interaction of Nile Red in the nonpolar tunnel near beta subunit residues Cys-170 and Phe-280 is supported by studies with enzymes altered at these positions. Restricting the tunnel by enlarging Cys-170 by chemical modification or mutagenesis decreases the fluorescence of Nile Red by 30-70%. Removal of a partial restriction in the tunnel by replacing Phe-280 by Cys or Ser increases the fluorescence of Nile Red more than 2-fold. A binding site for Nile Red in this region near the pyridoxal phosphate coenzyme of the beta subunit is further supported by iodide quenching and fluorescence energy transfer experiments and by molecular modeling based on the three-dimensional structure of the alpha 2 beta 2 complex. Finally, studies using Nile Red as a sensitive probe of conformational changes in the tunnel reveal that allosteric ligands (alpha subunit) or active site ligands (beta subunit) decrease the fluorescence of Nile Red. We speculate that allosteric and active site ligands induce a tunnel restriction near Phe-280 that serves as a gate to control passage of indole through the tunnel.